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ABSTRACT 



This study investigated the effects of two modes of 



instruction? the experiencing mathematics instructional method, and 
the direct instruction expository method, and two levels of 
mathematics anxiety, high and low, on mathematics achievement. The 
final sample consisted of 160 students enrolled in a remedial 
arithmetic course in a four-year college in Puerto Rico. A two-way 
analysis of covariance with pretest in basic skills in mathematics as 
covariate was used tD test the hypothesis that different 
instructional interventions reduce luathematics anxiety and increase 
mathematics achievement. It was concluded that: (l) either of the two 
instructional interventions can be successfully employed to improve 
mathematics achievement of remedial college students? and (2) 
although the difference in adjusted posttest means was not 
statistically significant, the gains in mathematics achievement of 
both groups on posttest ucores were considerable. (Author) 
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Abstract 

This study investigated the effects of two modes of instruction 
the experiencing nathematics instructional method and the direct instruc- 
tion expository nathod— and two levels of mathematics anxiety— high and 
low-- on mathematics achievement. Tne final sample consisted of 160 students 
enrolled in a renBdial arithmetic coxirse in a four year college in Puerto 
Rico. A two-way analysis of covariance with pretest in basic skills in 
mathematics as covariate was used to test the hypothesis that different 
instructional interventions reduce mathematics anxiety and increase mathe- 
netics achievenBnt. It was concluded that (1) either of the two instruc- 
tional interventions can be successfully enployed to improve mathematics 
achievenent of reiiBdial college students; and C2) although the difference 
in adjusted posttest nBans was not statistically significant, the gams in 
matha^tics achievenent of both groiros on posttest scores were considerable. 
VBiat is Ifethematics Anxiety? 

Ifethematics anxiety has been identified as an inportant factor in 
explaining both mathematics avoidance and underachievenent . It is an ex- 
perience of nBntal disorganization, panic, and fear that prevents a person 
from learning mathematics (Donady and Auslander, 1980). It is present in 
daily situations such as in people who cannot balance their checkbooks , 
v^o cannot caipute their incane tax^ and v^o cannot add without using their 
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fingers. Mathenatics anxiety affects the student in two ways: (1) 
level of performance on the required task and (2) aniount of mthenatics 
taken beyond the required ndnimum (Smith, 1979 )• Mathematics anxiety 
plays an ijiportant role in nathematics achievenent and mthejiatics avoid- 
ance- Kbgelnen and Warren (1979) stressed that if there is a key to 
successful coiprehension of mathematics, it is the overconing of anxiety 
of the subject, and using the same skills one uses with other subjects and 
knowledge areas , for mathematics achievement . 

Pace (1981) stated that there is no consensus in the definition 
of mathematics anxiety. It appears that matheiratics anxiety means essentially 
whatever one chooses to believe it means. Each person *s subjective view, 
pro or con, is maintained and held by him as the objective view of what 
mathematics anxiety treatn^nt involves. 

Heller (1982) defined mathenatics anxiety as a range of emotional 
feelings about mathematics that (1) causes its victims to suffer mild to 
severe physical discomfort; (2) interfere with their ability to concentrate, 
pay attention, and assimilate mathematical infoxTration; and (3) impedes their 
capacity to deal with mathematical concepts and manipulations in school, in 
their choice of career and at work, and in everyday situations. 

Kogelman and Warren (1979) defined nathematics anxiety as an intense 
emotional reaction to nathematics based on past experiences. This reaction 
to nathematics guides and controls the indivual^s approach to nathenatics to 
such an extent that doing mathenatics becomes extiaordinarily difficult, if 
not iiroossible . From past experiences most adults have discovered that 
nathematics is dull, confusing and obscure, difficult and sometimes iirpossible 
to understand (Crawford, 1980). 

Wright and Miller (1981) established that mathematics- anxiety is a 
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variable that nay influence mathematics perf onnance . They concluded 
that low mathematics achievement nay be more the result of the students * 
attitudes towards mathematics than of general aptit^Jide in this subject area. 
Alexander and Cobb (1984) concluded that definitions of mthematics anxiety 
should be modified to include apprehension about taking mthematics tests 
and about receiving the outcomes of mathematics evaluation. These research 
studies have consistently identified mathematics test anxiety to be a 
coiponent of mathematics anxiety. 

Stressful situations generally elicit emotional arousal that, 
depending on the circumstances, may have informative value concerning 
personal c< petency. Drotional arousal is another coiponent sour>ce of 
information that can affect perceived self -efficacy in coping with threaten- 
ing situations. Bandura (1977) concluded that fear reactions generate fur- 
ther fear of iirpending stressful situations through anticipatory self- 
arousal. He stated that bv conjuring up fear-provoking thoughts about their 
inspiitude, individuals can arouse themselves to elevated levels of anxiety 
that far exceed the fear experienced during the actual threatening situation. 
Bandura (1977) further noted 1±iat psychological procedures alter the level 
and strength of self -efficacy, v^iich plays a central role in the analysis 
of changes achieved in fearful and avoidance behavior. 

Subjects 

The final sanple for the study consisted of 160 students selected 
ax ranaan from 220 freshman students enrolled in a remedial course of mathe- 
matics (Math 105) at a private university in Puerto Rico. The najority of 
the students in the above university are considered underachievers lacking the 
basic skills of nathematics and other areas of study. An analysis of the 

I.L-wice Examination Board (CEEB) rev xLed that for the final sample 
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(n=160) the mean score in verbal aptitude was approximately 413, in mathe- 
matics 422, and in English 391 out of a maximum of 800 points. At least 80% 
of the freshmen entering the University scared below 599 of the total of 
800 points in the CEEB, thus they lacked .:asic mathematics and literacy skills. 
Most. of them have little experience in problem solving, underdeveloped ob- 
servational pov^rs, and mininnl exeperience inindependent thinking. To over- 
come their deficiencies and low motivation, neny of them required remeaial 
aid and intensive counseling. 

Frcm the accessible sanple , 80 were identified as high anxious 
students (HAS) and 80 low anxious students (LAS) in mathematics based on the 
results on the Mathematics Anxiety Rating Scale (MARS). To be classified as 
HAS or LAS in mthenHtics the mean of the MARS scores of the sanple under 
consideration were evaluated ris suggested by Suinn (1972) developer of the 
MARS scale if the student's score was at or above 248, he or she was identified 
as EAS considering 70% as the cutoff point. If his/her score was below 176 
the student was considered as LAS. 

Ihe final sanple for this study consisted of students with 400 
points or less in the CEEB which were clearly identified as remedial students 
in mathematics according to the requisites of the University's Institute of 
Science and Tedinology. Forty students participated in each treatment group 
in tenns of a specific intervention. To decide which students were to be 
enrolled in the remedial arithmetic course, after considering the CEEB scores, 
the investigator administered a placement test to the students which deter- 
mined previous mathematics achievement. This multiple choice test consisted 
of 36 items. Each item addressed a fundamental skill or concept in the area 
of arithmetic. If the student obtained a score below 80%, they were enrolled 
in the arithuBtic course. 
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Materials 

'The mterials used to study the effects of the two instructional 
methods on niatb^jiatics achievement of the subject were: the Ifethematics 
Anxiety Rating Scale (MARS), the fesic Math Skills Test (pretest); and the 
mathematics mid-term test (posttest ) . 

To detemlne the levels of nathematics anxiety in the students, the 
MARS instrun^nt was used. This scale is a 98-item scale conposed of brief 
i.V'-:""'ioris of behavioral situations that may arouse different levels of 
anxiety in the a3?ea of nathematics. 

The instructional interventions presented the mathematical topics in 
a direct manner. In treatment 1 the main focus was on mathenatics anxiety re- 
duction and the secondary focus was on learning basic skills in mathematics. 
Treatment 2 focused on learning basic mathenatics skills with eiiphasis on the 
teacher's role. Mathematics topics were presented by lectures. 

T^structional Interventions 

Tobias and Vfeissbrod (1980) asserted that there is no typical technique 
or intervention to help the student to overcome mathenatics anxiety. Some 
researchers and educators prefer workshops which focus on chianging the atnosphere 
of the classroom from one of tension and conpetition to one of confidence and 
trust. Laraning mathen-'tics remains as the ultimate goal of the workshops; 
learning how to replace debilitating habit with self-instruction and self -en- 
couragement is the immediate goal (Tobias and Weissbrod, 1980). Other authorities 
identify interventions vMch provide the learner with a positive nathematics 
experience , or enphasize self -awareness of how nathematics anxi.ous students inpede 
their own leaxr^ing. This study dealt with two instructional interventions; the 
experiencing nathematics approach and the expository instructional method. 
^..^ ^.yc^owcxng I^thenatics M^^-te rials Approach 

Sharing experiences allow students to perceive thcit others share their 
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san^ anxiety* Recx>gni2iDg this situation is the first step to reduce 
anxiety (Crwaford, 1980; Kbgelinan .and Vferren, 1979). For Piaget (in Joyce 
and Vfeil, 1980) the students' role in the learning activity must be active. 
The instructor's role is to arrange and organize learning experien^:es pro- 
viding the students vath a setting in vMch they construct knowledge for 
themselves through questioning and lectures (developmental model). These 
investigators combined Piaget 's developmental model with l^lhison's model 
(1977). The experiencing mathematics instructional method consisted of three 
phases: (1) interview and a written record of the student interview, (2) 
the lecture, and (3) group discussion sessions. Because of the special 
dharacteristics of the sanple such as low acriievers and dependence, class 
topics were presented through lectures, focusing on the student participa- 
tion and discovery, Ihe instructional setting for this treatment focused 
on: (1) discussion of lectures and mathematics anxiety articles; (2) 
students' active participation; (3) students learning of new concepts through 
questions and teacher's clarification; and (U) the teacher's active demonstra- 
tion of their interest in the learning processes of their students. During 
the interview the instructor collected personal information of the student, 
grades, results on mathematics tests, ana observations about student's reactions 
toward mathematics. The interview has as ultimate goal to build positive 
mathematics attitude ((}rawford, 1980). The interview was organized in such 
a way that every student met his/her professor for ten minutes in alternate 
weeks (three tinBs). The third phase — group discussion session — consisted in 
the organization of groups of five members each in the classroom. They net 
during the last 20 minutes of the class, once a week. The instructor had to 
observe and ascertain that the students did what was expected. Ine Manual's 
articles were discussed in the group, and finally each group presented a 
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concluding sentence. Counselors and other faculty ^nembers were invited to present 
brief conferences on topics such as study hcibits, motivation, sel f -concept , myths 
about mathematics and mathematicians. This time was also devoted to discussion of 
students'" past and present experiences with mathematics. 
The Direct Expository I nstructional Method 

Ausubel (in Joyce and Weil, I98O) proposed a mode of instruction where the 
teacher is seen as a lecturer. The instructor must present, explain, integrate, and 
Interrelate the material In the learning task with previously learned material. The 
students should operate ©n the material as they receive it by relating the new* 
learning material to personal experiences and to their existing cognitive structures, 
and by taking a critical stance toward knowledge (Joyce and Weil, I980). I this 
model the teacher is the person who designs the hierarchy of knowledge in the subject 
area and also makes decisions about definitions and processes. 

Through the direct instructional method the student was provided directly with 
concepts, principles, and basic skills by the teacher. The role of the teacher is 
emphasized through this mode of instruction. The teacher pointed out discrepancies, 
conflicts and similarities between existing knowledge and new knowledge. The teacher 
translated the new material into a frame of reference that had personal meaning to the 
student. New ideas were consciously related to previously learned content. 

The proposed treatments or instructional interventions in this study presented 
the mathematical topics in a direct manner. In treatment 1 the main focus was on 
mathematics anxiety reduction and the secondary focus was on learning basic skills 
in mathematics. Treatment 2 focused on learning basic mathematics skills with em- 
phasis on the teacher's role. Mathematics topics were presented by lectures. Studies 
by researchers such as Guthie (1967), Lasher (.1981), Mathison (1977), and Woodruff, 
Shimabukuro and Frey (1965) have suggested that low achievers improve their acquisi- 
tion of knowledge through traditional methods such as lecturing. The instructors 
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were advised by the Investigator to present at times easy material to the students, 
The purpose of this action was to reduce students • anxiety and contribute to their 
success in understandmg mathematical concepts* 

prndings 

The analysis of covarlance for the posttest scores was carried out to compare 
the two treatments and the two anxiety levels. This analysis was utilized to deter- 
mine whether there was any interaction between the treatment conditions and the 
anxiety levels. Significance levels were set at ,05 for all statistical tests 
employed. 

To determine whether the treatment groups, In terms of mathematics anxiety levels, 
were statistically different, means, variances, and standard deviations were obtained 
for each subgroup on the pretest on basic mathematic skills as reported in Table 1. 
Table 1 

Mean and Standard Deviation for the S c ores on the Basic 
Mathematics SkMls Test (pretest on mathematics achi eveme n t ) 
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Ccn£5idering the neans on the Basic Mathematics Skills Test 
(pretest) it is clear that the nean for the direct instructional method 
(3U.3M), SD = 12.11, was hi^er than the mean for the experiencing 
mathematics nethod (33.U5), SD = 10.17. A dif fere):ice of 4.29 can be noticed, 
so it could be expected that the tvra groups v?ere different. Once these 
neasures v?ere obtained, the F-max test indicated that there were no signifi- 
cant differences. Ihus honogeneity of variance was determined for all 
groups on the pretest scores. 

In determining v^ether the nean difference between the groups was 
significant, a two-way analysis of var.'. ancxi was used to analyze the pretest 
scores on the Basic Mathematics Skills Test on achievenBnt in mathematics. 
A significant dif f er^ce between treatment group wit. an obtained F ratio 
of 5.oC at the .05 level of significance was found. A significant difference 
between the anxiety levels with an obtained F ratio of 6.71 significant at the 
.05 level of significance was also determined. The F ratio obtained enphasizes 
differences between the two anxiety levels to vmich subjects had been assigned. 
Protest scores on acMevement were subsequently used as a covariate with post- 
test scores in the analysis of covariance. 

Tests on the assunptions of homogeneity of variance were made. Since 
there was a significant difference between pretest scores of the group, ANOCOVA 
was an appropriate nethod to be used to adjust posttest means for initial 
difference on pretest and also to reduce error variances. The analyses utilized 
the posttest scores (mid-term test), as the dependent variable. 

Means, variances, and standard deviations were obtained for each sub- 
group on the posttest (mid-term. test) in basic .mathematics skills to calculate 
if .their acMevement was statistically different. Obtained results are reported 
in Table 2. 
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Table 2 

Msans and Standard Deviations for Posttest Scores on the 
Posttest in Basic Mathematics Skills 



Treatment Gro ups 

1 2 Both Treatments 

Anxiety N Mean SD N Mean SD^ N hfean SD 
Levels 



High 40 59.53 16.16 40 64.03 16.41 80 61.77 27.75 

Low 40 65.88 40 65.88 18.99 80 P5.88 17.91 

Both 80 62.70 1-.77 80 64.95 17.77 160 63.83 17.31 



As seen in Table 2 the nean for the posttest data for -the direct 
instruction method (64.95), SD = 17.77, is higher that the n^an for the 
exeperiencing mathematics method (62.70), SD = 16.77. The difference L^tween 
the means indicated that there vjere practical differences among the groupie. 
A comparison of the neans of the pretest in Table 1 and the posttest scores 
in Table 2 between the treatment groups reveals that in both groups the 
mean increases. This result indicates that teaching mathematics by one of 
the instructional methods can be incorporated into regular classroom instruction, 
and students can inprove their mathematics achievement . Using a two-way 
analysis of covariance with the pretest scores in Basic Mathematics Skills 
Test as a covariate the investigators determined the main effects of the 
treatment condition and mathematics anxiety levels. Interaction between treat- 
ment and natheiiHtics anxiety leve3,s was found. 

Discussion 

There was a significant difference between the n^ans of the pretest 
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scores on achievement in mathematics of the exp ^riencing nathematics instruc- 
tional method and the direct instruction expository iiBthod. Ihe results of the 
analysis of covariance with pretest scores sachievenent in nathematics) as 
the covariate indicated that the two treatment groups of students vSio re :^ived 
nathematics instruction through the experiencing irathenatics instructional 
approach, and the students participating in the direct instruction expository 
m^^thod, exhibited no signifies it difference between adjusted means of posttest 
e-.^v«r^ in achievenent in nathematics ♦ There was also no significant difference 
between the higli and low anxious students on adjusted means of posttest scores 
on achievement in mathenatics. 

Results showed no significant interaction in means of posttest 
scores between mode of instruction and an:d.ety level. Thus both treatments 
snowed benefits in learning for students. Both modes of instruction appeared 
to help mataeniatics anxious students to change their attitudes toward nathematics 
in order to learn it. It seems that teaching students what they did not know 
i:D SufrJwlent to inprove their mathematics achievcirent . It may also have been 
tliat shvvclng that the nathematics teacher is available not only to solve 
mathematical problems but also to motivate self-confidence in students^ 
learning procedures encourages mathenatics learning. 

Tnere is strong evidence that higji-risk college students, regardless 
of ?.evel of performance in nathematics, experience moderate to higji levels of 
mathenatics anxiety. As a result their mathenatics adiievemsnt is definitely 
affected. Effective treatments for mathenatics anxiety at college must be 
inplemsnted enphasizing self -confidence in doing mathenatics. Actually, most 

the teaching methods assume that the student is motivated and willing to 
take control of his/her learning. However, most students who participate in 
* — ^'^os of nathematics do not feel in control of or involved in their 
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learning (Crawford, 1980; Lasher, 1981; Mathison, 1977). From the weekly 
dialogue with the instructors it was revealed that -fi^ instructor's, acware- 
ness and sensitivity to students* feelings about mathematics seenBd to pro- 
vide the studen-f*s with the atmosphere conducive to dianging negative attitudes 
tovzards nathematics. 

Infomal interviews with students in the experiencing ma1±iematics 
method clearly revealed socialization and sharing of mthemtics experiences 
helped students with severe anxiety levels in leai uig nathemtics to feel 
relaxed and controlled in order to learn mathematics. However, it should be 
further i , jed that mathematics treatinents appeared to affect posiliveJ^y the 
gain scores of both treatment groups in achievement in mthematics. Both 
remedial experimental groups showed gains in pretestrposttest mean scores of 
100-item scores. The pretebt mean score for the direct instruction expository 
method was 37.74 and the mean for the unadjusted posttest score was 64.95. 
The pretest mean score for the experiencing mthenatics instructional method 
was 33.45 and for the unadjusted posttest score was 62.70. Thus both methods 
affected positively nathematics anxious students as evidenced by their gain in 
posttest achievement scores, resulting in a noteworthy practical, if not 
statistical, significance of both instructional treatments. 

Conclusions and Recommendation s 

Either of the two treatments — the experiencing mathematics instruc- 
tional iiBthod or the direct expository instructional method — can be success- 
fully employed to ifiprove mathematics achievement of renBdial college students. 
Similarity in the results my have happened sinply because teaching students 
vmat they did not know is sufficient to improve their nathematics achievement. 
Both treatments showed effectiveness in promoting nathematics achievenent. 
Both experimental groups showed gains in mean scores; while the difference on 
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adjusted posttest neans was not significant , the gains in nathematics achieve- 
nent of both groi5)s were notable. High and low mathematics anxious students 
were affected positively bo both instructional methods , as evidenced by their 
gains in posttest acMevement scores. 
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